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[NAME OF DOCDMENT] 

[TITLE Of THE INVENTION] D I RECT-CONVERS I ON RECEIVER 

[CLAIMS] 

[Claim 1] 

A direct-conversion receiver based on a multi-port junction device for c 
onpensating I/Q imbalances of received symbols, comprising: 
a first calculating Beans for calculating an in-phase component and a qu 
adrature component in accordance with the outputs of the multi-port junc 
tion device, and 

a second calculating Beans for calculating a first parameter and a secon 
d parameter according to the in-phase component and the quadrature conpo 
nent using a predetermined algorithm, 

said first calculating means includes a multiplier for multiplying a fir 
st output of the multi-port junction device by the first parameter and m 
ultiplying a second output of the multi-port junction device by the seco 
nd parameter, and calculates the in-phase component and the quadurature 
component in accordance with the outputs of the multi-port junction devi 
ce and the products of the first and the second multipliers. 
{Claim 2] 

A direct-conversion receiver as set forth in claim 1, wherein the second 
calculating means further comprises a first partial circuit for generat 
ing the first parameter and a second partial circuit for generating the 
second parameter, 

said first partial circuit includes an average calculating means for cal 
culating a running average of the in-phase component output from the fir 
st calculating means, and a selector for selecting a first product of an 
absolute value of the running average of the in-phase component multipl 
ied by a first coefficient or a second product of the absolute value of 
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the running average of the in-phase cowponent multiplied by a second coe 
ff icient in accordance with the sign of the running average of the in-ph 
ase component, and 

said second partial circuit includes an average calculating Beans for ca 
lculating a running average of the quadrature component output from the 
first calculating means, and a selector for selecting a first product of 

an absolute value of the running average of the quadrature component iu 
Itiplied by the first coefficient or a second product of the absolute va 
lue of the running average of the quadrature component multiplied by the 

second coefficient in accordance with the sign of the running average o 
f the quadrature component. 
[Claim 3] 

A direct-conversion receiver as set forth in claim 1, wherein the milti- 
port junction device is a five-port junction device co^rises: 
a passive circuit for combining a received signal and a local oscil latin 
g signal and outputting three signals, 

three power detectors for power detecting the output signals of the pass 
ive circuit and outputting three power detected signals to the first cal 
culating means. 
[Claim 4] 

A direct-conversion receiver as set forth in claim 3, further co«>rising 
three low-pass filters for filtering the power detected signals from th 
e power detectors. 
[Claim 5] 

A direct-conversion receiver based on a multi-port junction device for c 
cmpensating I/Q imbalances and DC offsets of received symbols, conprisin 

g: 

a first calculating means for calculating an in-phase component and a qu 
adrature component in accordance with the outputs of the multi-port junc 
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tion device, 

a second calculating aeans for calculating a first parameter and a secon 
d parameter according to the in-phase component and the quadrature coupo 
nent using a predetermined algorithm 

a DC offset removing means for removing the DC offsets from the in-phase 
conponent and the quadrature component, 

an .amplitude error detector for detecting the amplitude errors of the in 
-phase conponent and the quadrature component obtained from the DC offse 
t removing means and generating a first and a second gradient in accorda 
nee with the detected amplitude errors, 

said first calculating means generates the in-phase component and the qu 
adurature conponent in accordance with products of the outputs of the mu 
lti-port junction device with the first gradient and the products of the 

outputs of the multi-port junction device with the second gradient, and 

the first and second parameters. 
[Claim 6] 

A direct-conversion receiver as set forth in clain 5, wherein said first 
calculating means includes multipliers for multiplying the outputs of t 

he multi-port junction device by the first gradient, and multipliers for 
multiplying the outputs of the multi-port junction device by the second 
gradient. 

[DETAILED DESCRIPTION OF THE IHVENTIOH] . 
[0001] 

[Technical Field of the Invention] 

The present invention relates to a direct-conversion receiver based on a 
■ulti-port junction device, particularly relates to a direct-conversion 
receiver capable of carrying out digital calibration and compensation o 

f I/Q imbalance of received symbols, and a method of the same. 

[0002] 
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[Prior Art] 

The main task of a digital radio receiver for linear modulation formats( 
for exaiple, M-PSK, M-QAH), is to recover the ccnplex baseband syAols t 
hat carry the information. Due to digital inpleaentation and analog circ 
uit characteristics in the receiver, however, the real parts and the ina 
ginary parts of the symbols may not be in quadrature (that is, at an ang 
le equal to 90 degrees) with respect to each other. Hie lack of orthogon 
ality between the real and the imaginary parts of the deaodulated symbol 
s is commonly referred to as l/Q imbalance. 
[0003] 

The real parts and the imaginary parts of a demodulated symbol are know 
as I -channel (or simply I) and Q-channel (or sinply Q) symbols, respect! 
vely. Conventionally digital calibration and compensation methods for 1/ 
Q imbalance operate directly on the I and Q symbols. As an example, the 
imbalances can be corrected by a combination of phase rotation and gain 
adjustment, as given by the transformation on the input I/Q vector shown 
in the following equation. 
[0004] 

[Equation 1] 







1+<T1 0 






Q. 
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[0005] 

In Equation 1, Idc and Qdc are DC offsets of the I and Q synbols, respec 

tively, and en and a 3 can be given as following. 

[0006] 
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[Equation 2] 
<7i=cps(0)/(l+a)-l 
(jjF-sin(0)/(Ua) 
[0007] 

vhere 9 is the phase imbalance and a is the amplitude imbalance. 
[0008] 

[Problem to be Solved by the Invention] 

However, in the conventional method of calibration and conpensation of t 
he I/Q imbalances, it is necessary to know the phase imbalance O and th 
e amplitude imbalance or and the DC offsets of the I and Q symbols for c 
alibration and compensation of the I/Q imbalance when utilising Equation 
1. But in most cases it is difficult to find the phase imbalance 9 and 
the amplitude imbalance a as well as the DC offsets of the i and Q sym 
bols according to the received signals so it was difficult to calibrate 
and compensate the I/Q imbalances according to the conventional method. 
[0009] 

An object of the present invention is to provide a direct-conversion rec 
eiver based on a multi-port junction device which is able to calibrate a 
nd compensate the I/Q imbalances of received symbols without the knowled 
ge of the phase imbalance and a^litude imbalance as well as the DC offs 
ets of the I and Q symbols of tie received signals, therefore to provide 
a method of digital calibration and compensation of I/Q imbalances in 
a direct-conversion receiver. 
[0010] 

[Means for Solving to Problem] 

To achieve the above object, according to a first aspect of the present 
invention, there is provided a direct-conversion receiver based on a ml 
ti-port junction device for calibrating and compensating the I/Q imbalan 
ces of received symbols, which comprises a first calculating means for c 
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alculating an in-phase component and a quadrature component in accordant 
e vith the outputs of the multi-port junction device, and a second calcu 
lating means for calculating a first parameter and a second parameter ac 
cording to the in-phase component and the quadrature component using a p 
redetermined algorithm, 

wherein the first calculating means includes a multiplier for multiplyi 
ng a first output of the multi-port junction device by the first paramet 
er and multiplying a second output of the multi-port junction device by 
the second parameter, and calculates the in-phase component and the quad 
urature component in accordance with the outputs of the multi-port junct 
ion device and the products of the first and the second multipliers* 
[0011] 

Further, according to a second aspect of the present invention, there is 
provided a direct-conversion receiver based on a multi-port junction de 
vice for calibrating and compensating the I/Q imbalances of received syn 
bols, which comprises a first calculating means for calculating an in-ph 
ase component and a quadrature coiponent in accordance with the outputs 
of the multi-port junction device, a second calculating means for calcul 
ating a first parameter and a second parameter according to the in-phase 
component and the quadrature component using a predetermined algorithm, 
a DC offset removing means for removing the DC offsets from the in-phas 
e component and the quadrature component, 

an amplitude error detector for detecting the amplitude errors of the i 
n-phase component and the quadrature component obtained from the DC of fs 
et removing means and generating a first and a second gradient in accord 
ance with the detected amplitude errors, therein the first calculating m 
eans generates the in-phase component and the quadurature component in a 
ccordance with products of the outputs of the multi-port junction device 

with the first gradient and the products of the outputs of the multi-po 
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rt junction device with the second gradient, and the first and second pa 

raaeters. 

[0012] 

According to the present invention, preferably, the second calculating l 
eans further comprises a first partial circuit for generating the first 
parameter and a second partial circuit for generating the second paraaet 
er, wherein the first partial circuit includes an average calculating me 
ans for calculating a running average of the in-phase component output f 
rom the first calculating means, and a selector for selecting a first pr 
oduct of an absolute value of the running average of the in-phase compon 
ent multiplied by a first coefficient or a second product of the absolut 
e value of the running average of the in-phase component multiplied by a 

second coefficient in accordance with the sign of the running average o 
f the in-phase component, and the second partial circuit includes an ave 
rage calculating means for calculating a naming average of the quadratu 
re component output from the first calculating means, and a selector for 

selecting a first product of an absolute value of the running average o 
f the quadrature component multiplied by the first coefficient or a seco 
nd product of the absolute value of the running average of the quadratur 
e component multiplied by the second coefficient in accordance with the 
sign of the running average of the quadrature c<wponent* 
[0013] 

According to the present invention, preferably, the multi-port junction 
device is a five-port junction device comprises a passive circuit for co 
mbining a received signal and a local oscillating signal and outputting 
three signals, three power detectors for power detecting the output sign 
als of the passive circuit and outputting three power detected signals t 
o the first calculating means. 
[0014] 
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According to the present invention, preferably, the direct-conversion r 
eceiver further apprises three low-pass filters for filtering the power 
detected signals from the power detectors. 
[0015] 

[Embodiments of the Invention] 

Below, preferred embodiments of the present invention will be described 
with reference to the accompanying drawings. 
First Embodiment 

Figure 1 is a block diagram showing a direct-conversion receiver based o 
n a multi-port junction device for calibration and compensation of I/Q i 
mbaiances according to a first embodiment of the present invention. 
[0016] 

As shown in Fig.l, the direct-conversion receiver of the present enbodim 
ent is constituted by a multi-port junction device 10, a local oscillate 
r 20, an IQ calculator 30, and a parameter calculator 40. 
[0017] 

As illustrated, the multi-port junction device 10 is, for example, a fiv 
e port junction device having two input ports for inputting a received s 
ignal RC and a local oscillating signal LO, respectively, and three outp 
ut ports for outputting three output signals of power detection. Below, 
the multi-port junction device 10 is siaply referred to as a 5-pbrt junc 
tion device. 
[0018] 

The 5-port junction device 10 co^>rised, as shown in Fig.l, a passive ci 
rcuitry 12 and three power detectors 13, 14 and 15. The input received s 
ignal RC and the local oscillating signal L0 are RJ signals, that is, si 
gnals in radio frequency band, for example, a frequency band having a ce 
ntral frequency of 5.5 GHz. While the output detected signals of the pow 
er detectors Pi, P* and Pa are baseband signals. 
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[0019] 

The local oscillator 20 generates a local oscillating signal L0 and outp 
uts the sane to the 5-port junction device. 

The 5-port junction device 10 combines the two input signals, that is, t 
he received signal RC and the local oscillating signal L0 supplied from 
the local oscillator 20 in linear combinations and outputs for exanple, 
three signals. The power detectors 13, 14 and 15 detect the analog power 
values of the output signals from the passive circuitry 12 and output t 
he detected power values (in voltages) Pi, P* and P 3 to the IQ calculate 
r 30- 
[0020] 

Note that, preferably, the detected outputs of the power detectors 13, 1 
4 and 15 are output to the IQ calculator 30 after low-pass filtering by 
low pass filters of appropriate bandwidth which is not illustrated in Fi 

g.l. 
[0021] 

The IQ calculator 30 calculates I components and Q components in accorda 
nee with the output signals Pi, P 2 and P a from the 5-port junction devic 
e 10. Here, for example, the signals Pi, P a and P» are converted to digi 
tal data through analog- to-digital (A/D) converters not illustrated- Tha 
t is, the IQ calculator 30 operates as a deiodulator which perforating de 
modulation for the digi tali zed input signals Pi, P 2 and P* and outputs t 
he in-phase I cenponents and quadrature Q components. 
[0022] 

Figure 2 is a schematic diagram showing an exaaple of a configuration of 
the IQ calculator 30. 

Fig.2(a) shows a partial circuit 30-1 for calculating the I component, a 
nd Fig.Z(b) shows a partial circuit 30-2 for calculating the Q component 
, respectively. 
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[0023] 

As illustrated in Fig.2(a), the partial circuit 30-1 comprises multiplie 
rs 301, 302,..., 305, and an adder 306. The multiplier 301 multiplies th 
e input signal Pi by a coefficient hn and outputs the result to the add 
er 306, the Multiplier 302 multiplies the input signal P a by a coefficie 
nt hi 2, and the mltiplier 303 multiplies the input signal P 3 by a coeff 
icient hi 3 * The nultiplier 304 nultiplies the output signal of the nnilti 
plier 302 by a parameter a and outputs the result to the adder 306, whi 
le the multiplier 305 nultiplies the output signal of the mltiplier 303 
by a parameter 0 and outputs the result to the adder 306. The adder ad 
ds the output signals of the mltipliers 301, 304 and 305, as veil as a 
coefficient h i0 to generate the I components. 

Die coefficients hi o, hn, hi 2 and hu are predeternined, vhile the para 
meters a and 0 are generated by the paraneter calculator 40, which wil 
1 be described later. 
[0024] 

Similarly, as illustrated in Fig. 2(b), the partial circuit 30-2 comprise 
s multipliers 311, 312,..., 315, and an adder 316. The multiplier 311 au 
ltiplies the input signal P A by a coeff icient hai and outputs the result 

to the adder 316, the mltiplier 312 Multiplies the input signal P 2 by 
a coefficient h 22 > and the mltiplier 313 nultiplies the input signal P 3 

by a coefficient h 23 - The Multiplier 314 mltiplies the output signal o 
f the Multiplier 312 by a paraneter a and outputs the result to the add 
er 316, while the mltiplier 315 multiplies the output signal of the ami 
tiplier 313 by a parameter 0 and outputs the result to the adder 316. T 
he adder adds the output signals of the Multipliers 311, 314 and 315, as 

well as a coefficient h 20 to generate the Q components. 
The coefficients h 2 »> h 2 i, h 22 and h 23 are predetermined, while the para 
meters a ami 0 are generated by the parameter calculator 40. 
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[0025] 

As described above, the IQ calculator 30 coxites the in-phase I and qua 
drature Q values in accordance with three digitized output signals Pi, P 
i and Pj of the power detectors by means of the following set of equatio 
ns: 
[0026] 

[Equation 3] 

I=h 1Q +h,iPi+ahiaP 3 +/?hi3p 3 
Q=h 2 o+h 2 iPi+ah22P2+^h23P 3 
[0027] 

In Equation 3, the coefficients hie, hn, hi 2 , hi 3 h 2 o, h 2 i, h 32 and h 23 
are predetermined according to the characteristics of the aulti-port ju 
nction device 10, for example, the characteristics of the passive circui 
try 12 and the power detectors 13, 14 and 15. 
[0028] 

Next, an explanation of the constitution and operation of the paraaeter 
calculator 40 will be given with reference to Figure 3. Note that in Fig 
.3, only the partial circuit 40-1 for computing the parameter a is illu 
strated. The partial circuit for computing the paraaeter /3 has Mostly t 
he saae configuration as that of the partial circuit 40-1. 
[0029] 

As illustrated in Fig. 3, the partial circuit 40-1 of the paraaeter calcu 
lator 40 conprises a running average calculator 401, an absolute value c 
alculator 402, a sign abstraction circuit 403, aultipliers 404, 405 and 
a switch (selector) 406. 
[0030] 

The running average calculator 401 calculates running average of the inp 
ut I components fron the IQ calculator 30 by utilizing a window of a pre 
determined width and outputs an average ei accordingly. 
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The absolute value calculator 402 calculates the absolute value x of the 
running average e 4 and output the same to the Multipliers 404 and 405, 
that is f | Ci | . 
[0031] 

The sign abstraction circuit 403 abstracts the sign of the running avera 

ge ei and outputs the result to the switch 406. 

[0032] 

The multiplier 404 multiplies the absolute value x by a coefficient ci a 
nd output the product xci to the sir itch 406. 

The multiplier 405 multiplies the absolute value x by a coefficient c 2 a 

nd output the product xc 2 to the switch 406. 

[0033] 

The switch 406 selects one of the products output from the multiplier 40 

4 or 405 according to the sign of the running average d output from the 
sign abstraction circuit 403. Concretely, when the sign is 0, that is, 

the running average e^0, the switch 406 selects the output product xci 
from the multiplier 404, while when the sign is 1, that is, the running 
average e A <0, the switch 406 selects the output product xc 2 from the m 

ultiplier 405. The switch 406 output the selected product as the paramet 

er a. . 

[0034] 

That is, the partial circuit 40-1 of the parameter calculator 40 compute 

s the parameter a as follows: 

[0035] 

[Equation 4] 

b< 0 
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[0036] 



where x is the absolute value of the running average ei of the I coapone 
nts. The coefficients Ci and c 3 are predetermined according to following 



1. the coefficient ci is sialler that 1, and 

2. the coefficient c 2 is roughly two order larger than the coefficient c 

1 in magnitude. 
[0037] 

The rule 1 is applied for stability of the control loop, while the rule 

2 is applied to ensure that the running average has the same sign in the 
convergence region, (he of the exanples of the preferable values of the 
coefficients Ci and c 2 is that Ci=0,l and c 2 =9.5. 

[0038] 

Similarly, the parameter calculator 40 coignites the parameter J3 accordi 

ng to the fol lowing equation: 

[0039] 

[Equation 5] 



where e„ is a running average of the Q components output from the IQ cal 
culator 30 and the coefficients Ci and c a are the same as those in Squat 



[0041] 

Figures 4 shows an example of demodulated 16-QAM symbols with mismatch i 



rules. That is, ci and c* are determined such that: 




[0040] 



ion 4. 
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n power detector outputs without IQ imbalance conpensation using the alg 
orithm of the present embodiment. As illustrated, due to the mismatch of 
the power detectors of the direct-conversion receiver, the IQ iabalance 
s exist in the output demodulated syibols. 
[0042] 

Figure 5 shows an example of demodulated 16 -QAM symbols after IQ inbalan 
ce compensation using the proposed algorithi of the present embodiment. 
As illustrated, by applying the condensation algorithm of the IQ inbalan 
ces proposed in the direct-conversion receiver according to the present 
embodiment, the outputs of the I and Q symbols are conpensated so that t 
he IQ imbalances in the deaodulated symbols are reduced. 
[0043] 

As described above, in the direct-conversion receiver of the present emb 
odiment, any IQ imbalance is calibrated and compensated by use of an ada 
ptive algorithm, operating on the power detectors outputs of a nulti-por 
t junction device. Therefore, according to the direct-conversion receive 
r of the present embodiment, there is provided an indirect method for IQ 
imbalance conpensation in the sense that it not modify directly the I a 
nd Q components , as in the case of conventional methods. The proposed a 
lgorithn of the direct-conversion receiver of the present embodiment use 
s as a cost function simply the average of the calibrated I and Q compon 
ents. Hie adaptation basically consists of multiplying the outputs of th 
e power detectors that correspond to the phase-shifted sums of the recei 
ved signal and the reference Signal (local oscillating signal), as illus 
trated in Fig.l* 
[0044] 

Second Eabodiment 

Figure 6 is block diagram of a second embodiment of the direct-conversio 
n receiver according to the present invention. 
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As illustrated, the direct-conversion receiver of the preset embodiment 
is constituted by a multi-port junction device 10, a local oscillator 2 

0, an IQ calculator 30A, a paraieter calculator 40, a DC offset removing 
circuit 100, an amplitude error detector 110 and an update circuit 120. 

[0045] 

The nulti-port junction device 10 and the parameter calculator 40 are mo 
stly the sane in configurations as those of the first enbodinent shown i 
nFig.l. 
[0046] 

The IQ calculator 30A calculating the in-phase component I and the quadr 
ature conponent Q in accordance with the power detected signals Pi, P 3 a 
nd P 3 , the parameters a, /?, and gradients y and 6. 
[0047] 

The paraaeter clculator 40 calculating the parameters a and 0 in accor 
dance with the I coaponents and the Q coiponents output from the IQ calc 
ulator 30A. 
[0048] 

The DC offset removing circuit 100 coapensates for variations in the spe 
cific values of the aultiport junction device 10 to reaove DC offsets of 
the deaodulated I components and Q components output fron the IQ calcul 
ator 30A and outputs the compensated in-phase coaponents I 0 and quadratu 
re components Q#. 

The DC offset coapensation of the DC offset removing circuit 100 is carr 

ied out according to the fol loving algorithm. 

[0049] 

Digital compensation to remove DC offsets is achieved by subtracting fro 
m the I components and the Q components sample means computed in the kth 
observation window, denoted as m x (k) and m,(k), from the corresponding 
Xi and yi samples, respectively, according to the following equations: 



(26) 



^2003-87344 



[0050] 

[Equation 6] 

1 m 



[0051] 

where Xi is i-th saaple of the I symbol and y x is i-th sample of the Q s 

ymboh 

[0052] 

The sample means are updated on a windowbywindov basis and subtracted fr 
en the samples on a samplebysaiyle basis in the next observation window. 
That is, f or kN < i < (k+l)H + 1, in the ith sampling instant of the (k 
+l)th observation window, let * and y* i denote the samples of the I an 
d Q components, respectively, after DC offset compensation* The algorith 
m removes the DC component as follow: 
[0053] 

[Equation 7] 

i = x 4 *x(k), 
y\ = y 4 *(k) 
[0054] 

The amplitude error detector. circuit 110 computes an amplitude error e 
based on the ith inphase and quadrature channel samples and an observati 
on window of N samples aid outputs the same to the update circuit 120. 
[0055] 
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The update circuit 120 updates the gradients r and 6 in accordance wit 
h the amplitude error a front the anplitude error detector 110 and outpu 
ts the sane to the IQ calculator 30A. 
[0056] 

The amplitude error detection of the anplitude error detector 110 and th 
e update circuit 120 is carried out according to the following algorithm 
» 

[0057] 

An adaptive method is proposed that nininizes the following amplitude er 

ror 

[0058] 

[Equation 8] 
[0059] 

with an observation window of N samples in this embodiment. 
[0060] 

The values of the gradients y and 6 are based on a function of the sig 
n of the magnitude error a which is computed according to Equation 8. 
[0061] 

For equiprobable modulation signal constellations (i.e., in which each s 
ignal point is transmitted over the channel with equal probability), the 
following was found to be a good update rule: 
[0062] 

[Equation 9] 



(28) 



5^2003-87344 



(1005. e<0 

[0063] 

Alternatively, the gradients y and 6 can be computed directly from the 
amplitude error e, that is, y = f(£) and 6 = g(e) 9 0 < f(e), 0 < 
gU). 
[0064] 

Next, an explanation of the configuration and operation of the IQ calcul 

ator 30A will be given with reference to Figure 7. 

[0065] 

Figure 7 is schematic diagram drawing an example of the IQ calculator 30 
A. 

As illustrated in Pig. 7(a), the partial circuit 30A-1 comprises multipli 

ers 301, 302,..., 305, 307,..., 309, and an adder 306. The Multiplier 301 
multiplies the input signal Pi by a coefficient hn, the Multiplier 302 
multiplies the input signal P 2 by a coefficient hi 2 , and the multiplier 
303 multiplies the input signal P 3 by a coefficient h 19 . The multiplier 

s 307, 308 and 309 multiply the output signal of the multipliers 301, 30 

2 and 303 by the gradient y, respectively. 

The multiplier 304 multiplies the output signal of the multiplier 308 by 
the parameter a and outputs the result to the adder 306, while the mul 
tiplier 305 multiplies the output signal of the multiplier 309 by the pa 
rameter J3 and outputs the result to the adder 306. The adder adds the o 
utput signals of the multipliers 307, 304 and 305, as well as a coeffici 
ent hio to generate the I components. 

The coefficients hi Q , h u , hn and h, 3 are predetermined, the parameters 
a and 0 are generated by the parameter calculator 40, and the gradien 
t y is output from the update circuit 120. 
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[0066] 

As illustrated in Fig. 7(b), the partial circuit 30A-2 comprises multipli 

ers 311, 312,..., 315, 317,.. .,319, and an adder 316. The multiplier 311 
Multiplies the input signal Pi by a coefficient 1121, the multiplier 312 
Multiplies the input signal P* by a coefficient h 22 , and the Multiplier 
313 multiplies the input signal P 8 by a coefficient h 23 . The Multiplier 

s 317, 318 and 319 Multiply the output signal of the Multipliers 311, 31 

2 and 313 by the gradient 8 , respectively. 

The Multiplier 314 Multiplies the output signal of the Multiplier 318 by 
the parameter a and outputs the result to the adder 316, while the mil 
tiplier 315 multiplies the output signal of the multiplier 319 by the pa 
rameter J3 and outputs the result to the adder 316. The adder adds the o 
utput signals of the multipliers 317, 314 and 315, as well as a coeffici 
ent hzo to generate the I components. 

The coefficients h 20 , h»i, has and h 23 are predetermined, the parameters 
a and J3 are generated by the parameter calculator 40, and the gradien 
t 6 is output from the update circuit 120. 
[0067] 

As described above, the IQ calculator 3QA computes the in-phase I and qu 
adrature Q values in accordance with three digitized output signals Pi 5 
P 2 and Pa of the power detectors by means of the following set of equati 
(Mis: 
[0068] 

[Equation 10] 

I^^frhiiPi+arrhiJa+^rhuPa 

Q^hat+tfha iPi+a <5h 32 P 2 +/? dh 2 ,P 2 
[0069] 

In Equation 10, the coefficients hio, hn, h l2 , hn h 20 , h*i, h 22 and h 2 
a are predetermined according to the characteristics of the multi-port j 
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unction device 10, for example, the characteristics of the passive circu 
itry 12 and the power detectors 13, 14 and 15. The parameters a and /? 
are generated by the parameter calculator 40 and the gradients y and 6 
are output from the update circuit 120. 
[0070] 

According to the direct-conversion receiver of the present embodiment, t 
here is provided a method of coqpensation of both the IQ imbalances and 
the DC offsets of the demodulated I components and Q comments. The con 
pensation of the [Q imbalance is realized vith use of the parameters a 
and 0 generated by the parameter calculator 40 in accordance vith the o 
utput I and Q components from the IQ calculate 30A, while the compensat 
ion of the DC offsets of the I and Q components is realised vith use of 
the gradients y and 6 generated in accordance vith the amplitude error 
computed by the aaplitude error detector 110. By the calculation accord 
ing to the Equation 10, the compensation of the IQ imbalances and DC off 
sets of the I and Q components can be realised simultaneously. 
[0071] 

While the invention has been described vith reference to specific enbodi 
ment chosen for purpose of illustration, it should be apparent that nume 
rous miifications could be made thereto by those skilled in the art vit 
hout departing from the basic concept and scope of the invention, 
[0072] 

[Effect of the Invention] 

According to the present invention, there is provided a direct-conversio 
n receiver which is able to calibrate and compensate the IQ imbalances o 
f the demodulated in-phase symbols and quadrature symbols in accordance 
vith the power detected output signals of multi-port jimction device. 
Also, according to the present invention, the compensation of the DC off 
set of the demodulated in-phase symbols and quadrature symbols can be re 



(31) ^2003-87344 

alized in the same procedure for calibration and compensation of the IQ 
imbalances in accordance with gradients obtained from anplitude error of 
the DC offset compensated output in-phase symbols and quadrature symbol 

6. 

[BRIEF DESCRIPTION QP THE DRAWINGS] 
[Fig- 1] 

Fig.l is a block diagram of a first embodiment of the direct-conversion 
receiver according to the present invention. 
[Fig. 2] 

Fig. 2 is a schematic diagram showing an exanple of a configuration of t 
he IQ calculator. 
[Fig. 3] 

Fig. 3 is a schematic diagram showing a partial circuit of the parameter 

calculator. 

[Fig. 4] 

Fig. 4 is a plot shows an example of demodulated 16-QAH symbols with misn 
atch in power detector outputs without IQ imbalance compensation. 
[Fig. 5] 

Fig. 5 is a plot shows an example of demodulated 16-QAM symbols with mism 
atch in power detector outputs with applying the algorithm of IQ imbalan 
ce compensation. 
[Fig. 6] 

Fig. 6 is a block diagram of a second embodiment of the direct-conversion 
receiver according to the present invention. 
[Fig. 7] 

Fig. 7 is a schematic diagram showing an example of a configuration of t 
he IQ calculator in tie second embodiment. 
[Description of References] 
10. . .multi-port junction device, 
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20... local oscillator, 

30, 30A. . . IQ calculator, 

40.. .parameter calculator, 

100.. .DC Offset renoving circuit, 

110...aaplitude error detector, 

120 update circuit 
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[NAME OF DOCUMENT] Abstract 
[ABSTRACT] 

[PROBLEM] To provide a direct-conversion receiver based on a multi-port 
junction device which is able to compensate the I/Q iabalances of demodu 
lated symbols without the knowledge of the phase imbalance and amplitude 
imbalance. 

[MEANS FOR SOLUTION] 

A nulti-port junction device (10) combines the received HF signal and th 
e local oscillating signal to generate three outputs by power detectors 
(PD), the IQ calculator (30) calculated the I component and Q component 
in accordance with the output signals of the power detectors as well as 
parameters a and J3 generated by the parameter calculator (40) to crape 
nsate IQ imbalances. 
[SELECTED DRAWING] Fig. 1 



